T he healing process in extraction ridges is characterized by internal changes that lead to bone formation within the ridge and external changes that result in loss of the alveolar ridge width and height. This loss of alveolar bone volume after tooth extraction often complicates prosthetic reconstruction after implant placement. To preserve the ridge contours, various techniques and grafting materials have been reported in the literature, with promising results. Several terms have been used to describe such attempts at conserving the integrity of the ridge walls after tooth extraction, including ridge preservation (RP) and site preservation. The authors consider the term ridge preservation to be the most precise and hence have used it in this review.
Although many animal studies and clinical case series have demonstrated a role for alveolar ridge-preservation techniques, published reports have covered a wide gamut of techniques, including such variables as the extraction site location (anterior/posterior; maxillary/mandibular); whether a flap was elevated; whether grafting materials were used, and if so, what kind; whether a membrane was used; and whether primary closure of the ridge was obtained. The aim of this article was to focus on the anterior maxilla, asking whether using ridge-preservation techniques in the esthetic zone reliably preserves the alveolar ridge in preparation for dental implant placement?
MATERIALS AND METHODS
In MEDLINE and PubMed, searches were performed for articles in English language using the following terms and combination of them: dentistry, implants, dental implants, extraction, implants-ridge preservation, ridge preservation, ridge-ridge, ridge alteration-extraction, ridge preservation-extraction ridge, and ridge preservation. The search was limited to human subjects. Bibliographies of reviews from 1994 to March 2012 were assessed for appropriate studies. Reference lists of studies identified were searched for further citations.
Of those that were initially identified, studies were considered for inclusion in the present review if they were randomized clinical trials (RCTs), controlled clinical trials, or prospective/ retrospective studies with a minimum of 5 patients and a follow-up of at least Purpose: Various techniques have been developed to limit resorption of the alveolar ridge after tooth extraction, and results from using them have been promising. The aim of this study was to evaluate the role and reliability of ridge preservation (RP) in the anterior esthetic zone, in anticipation of later implant placement.
Materials and Methods: Using the MEDLINE and PubMed databases, searches were performed using combinations of different terms.
Results: A total of 223 studies were identified, from which 55 articles were further examined. Of these, 11 studies were randomized clinical trials, controlled clinical trials, or prospective/retrospective studies with a minimum of 5 subjects and at least 3 months of follow-up. Only human studies of RP for singlerooted tooth or bicuspid sites were included. Selection criteria also excluded studies in which primary closure was obtained.
Conclusion: Although a direct comparison of the 11 articles was difficult because of the different techniques, materials, and healing time, no single graft material seemed to be superior. However, all studies found less ridge contraction at grafted than nongrafted sites. Longterm data about the outcomes for implants placed in sites where RP was attempted are still needed. 3 months after tooth extraction. Whenever a series of articles reported the same study, the article that included the clinical measurements and/or details about implant placement was selected.
Only included were studies of RP for single-rooted teeth or bicuspids for which primary closure was not obtained. Animal studies were thus excluded because they do not include single-root teeth, and the healing phase in animals is different from that in humans. Full-thickness flap was included to evaluate the thickness of the bone and bone architecture (Table 1) .
From each included study, the following data were obtained: number of patients and treated sites, position of sites, augmentation methods for test and control sites, observation period, and complications. The primary outcome evaluated was the change in ridge dimensions after tooth extraction and ridge-preservation therapy, measured as the change in the height and width of the alveolar process in millimeters or as a percentage. The secondary outcome was the success of the implant placement and the amount of grafting material found in the grafted site during the procedure.
RESULTS
A total of 223 studies initially were identified, from which 55 full-text articles were further examined. Of those, 11 studies met the inclusion criteria. [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] These publications are briefly described in Table 2 .
Five studies were RCTs with 2 study groups and a follow-up period of between 3 and 8 months. 46 ,49, 51, 52, 54 Six studies were controlled clinical trials. 44, 45, 47, 48, 50, 53 Of these, 3 had a test and control group. 45, 47, 50 Only 1 study used a split-mouth design, 45 whereas the others all were parallel designs. All studies had a follow-up period of at least 3 months.
The study populations ranged from 5 to 45 individuals. Smoking habits were described in 3 studies, 46, 52, 53 whereas smokers were excluded from 4 studies. 44, 49, 51, 54 The other 4 studies did not mention the subjects' smoking status. 45, 47, 48, 50 Full-thickness buccal and lingual flaps were elevated in most of the studies, [44] [45] [46] [47] [48] [49] [50] 52 whereas 3 studies attempted RP without opening a flap. 51, 53, 54 In all the studies, the extraction ridges were carefully debrided before any graft material was inserted. None of the studies used primary closure. In all the studies in which full-thickness flaps were elevated, the tissue was sutured in its original position without advancing it to achieve primary closure.
The reasons for extraction varied and included caries, 44 Decortication with a bur was performed by 2 groups. 44, 48 The other researchers did only degranulation of the ridge but not decortication. Some authors [44] [45] [46] [51] [52] [53] [54] prescribed antibiotics for at least 1 week after extraction(s) and RP.
Bone Grafting Materials
Graft material was used alone in some studies 44, 45, 47, 50, 51 and in combination with a membrane in others. 46, 48, 49, [52] [53] [54] Filler materials were used in most of the studies. 45, 46, 48, 49, [51] [52] [53] [54] Sponges (bioabsorbable polylactide-polyglycolide acid) were used in 2, 47, 50 and a growth factor (rhBMP-2/ACS) was used only in 1 study 44 (Table 3-5) . Among the fillers, human bone allograft was used most commonly. 46, 48, 53, 54 This included freeze-dried bone allograft (FDBA), 46, 48, 54 mineralized non-freezedried allograft, 53 and demineralized freeze-dried bone allograft (DFDBA). 48 One group 52 used the xenograft demineralized bovine bone mineral (DBBM). Alloplasts used in the studies 45 ,49,51,52 were bioactive glass, hydroxyapatite, and medical-grade calcium sulfate hemihydrate (MGCSH).
Dimensional changes in the ridges were assessed by clinical, radiographic, or acrylic stent examination, or some combination of those. Three groups 44, 53, 54 used computed tomographic scanning, whereas other means of assessment included intraoperative measurement of the width of the alveolar ridge at the time of re-entry, 47 ,51 the use of acrylic stents, 46, 47, [49] [50] [51] and the use of titanium pins on the outer surface of the buccal bone as a reference. 45 Eight of the groups [46] [47] [48] [49] [50] [51] [52] [53] used histological analysis to identify new bone formation in the ridge.
The quality of the studies was assessed by considering the following factors: whether the study population was representative, whether eligibility criteria were defined, whether treatment was randomized and blinded, whether loss to follow-up was reported (along with the percentage of drop-outs), and whether a control group was included. Based on these factors, the risk of bias for each study was determined, and 5 studies were considered to have a high risk of being biased. [44] [45] [46] 53 Four studies were considered to have a moderate (Table 2) . 47, 50 Bone Dimension Outcomes Table 3 displays the changes in the extraction-ridge height and/or, as reported in 9 of the studies. Two of the studies used only histological analysis and did not record the ridge dimensions. Those that compared the use of a ridgepreservation technique with natural healing [45] [46] [47] 50, 51 showed that the height of the alveolus in the test groups was better preserved, that is, the average height of the alveolar process of the control group was significantly lower than that of the test group. Overall, the control groups showed a change in the alveolar height ranging between −1.2 and 0.2 mm, whereas the ridge-preservation group was more heterogeneous, demonstrating vertical bone loss that ranged between −0.57 and 1.3 mm.
Differences between test and control groups were found to be statistically significant by the authors in 4 studies. 46, 47, 49, 51 Mardas et al 52 found a statistically significant difference between the baseline and outcome values of both groups treated (with Straumann ceramic bone and DBBM).
Three studies 45, 46, 51 measured the change in the width in test group extraction ridges and control group extraction ridges that healed naturally. The reduction of the ridge width in the control groups ranged between 3.2 and −3.06 mm, whereas in the test groups it ranged between 2 and −3.48 mm.
Histological Outcomes
Nine of 11 studies examined the histology of biopsies from the graft sites. Four studies 46, 47, 50, 51 analyzed the test and control ridges histomorphometrically and showed similar results, with approximately 50% new bone formation (Table 6 ). Among the 3 studies that used FDBA as a graft material, 46, 48, 54 the results reported by Iasella et al 46 and Wood and Mealey 54 were similar (% bone: 28 6 14/24.6 6 13.6 and % graft material: 37 6 18/25.4 6 17.0, respectively), but they differed from those reported by Wang et al 48 (% bone: 68.5 and % graft material: 3.8). Wood and Mealey 54 also analyzed results from using DFDBA and found 47, 50, 51 found no remaining graft material at the time of the biopsy, after using a bioabsorbable sponge of polylactide-polyglycolide acid as a graft material 47, 50 and calcium sulfate. 51 Neiva et al 49 found a lower percentage of bone in the group augmented with P-15 putty (29.9 6 8.4) than in the control group, which had received only a collagen dressing (36.5 6 7.7).
Implant-Related Outcomes
The objective of RP is to make it possible to later place implants with ideal diameters in the ideal positions. Although the studies included in this review reported placing implants at various times after extraction in sites grafted with a variety of materials, none of them reported the size of the implants or whether they were placed in the ideal position.
Nine of the 11 studies reported on implant placement (Table 7) . The other 2 studies did not, nor did they analyze the histology of the preserved site. None of the studies specified whether implants were placed in the test or control group, but many implants were satisfactorily placed in both groups. 47, 50, 51 Primary implant stability was achieved in almost all of the implants. Some subjects did not have enough width after the RP, and implants could not be placed without secondary bone augmentation. 46, [52] [53] [54] 
DISCUSSION
To create implant-supported dental prostheses that function ideally and have excellent esthetics, the implants must be in the correct 3-dimensional position. Sufficient alveolar bone volume and a favorable ridge architecture are essential to achieving this. Otherwise, an inappropriate restoration-implant alignment may result, complicating restorative treatment.
The aim of extraction-RP is to maintain the vertical and horizontal bone and the integrity of the soft tissue to enable later placement of implants that are optimally dimensioned and positioned. It is well known that the alveolar ridge tends to resorb after tooth extraction. This resorption typically affects the buccal wall, with the alveolar crest shifting lingually. 55 Given this and the fact that the majority of anterior maxillary buccal walls have a width of 0.5 to 1 mm, 55, 56 any postextraction collapse of the alveolar bone width and height can be expected to significantly affect future implant placement.
A question that arises is whether RP is indicated if there are sufficient bone walls and no infection is present. Can placing an implant immediately in the fresh extraction ridge limit the resorption? A number of previous studies have addressed this question. [55] [56] [57] [58] However, these studies do not demonstrate that immediate implant placement predictably controls either buccal wall resorption or soft-tissue recession, and thus esthetic outcomes are unpredictable.
Among the techniques proposed for RP is primary closure of the ridge. Bone loss is a well-recognized consequence of flap elevation. 55 It is known that after a flap procedure, there is evidently bone loss, and this bone loss depends on the alveolar ridge architecture. Patients with thin buccal bone are particularly likely to experience significant bone loss, because of the high osteoclastic activity. 55 When RP was evaluated in 2011 with and without primary closure, 55 the researchers concluded that the width of ridges treated without primary closure decreased by 24%, compared with 28% in the primary closure group. Moreover, the RP without primary closure better preserved the keratinized mucosa and resulted in less postoperative patient discomfort.
The concept of RP to maintain the ridge for future implant must be differentiated from guided bone regeneration (GBR), in which a grafting material and a barrier membrane are placed and primary closure is achieved. 55 In general, GBR is indicated if an augmentation or corrective surgery of a defect for a future implant placement is planned. RP is indicated if the ridge is intact, and the objective to preserve as much tissue as possible in preparation for future implant placement. No fenestrations, dehiscences, sinus communication, periodontal pockets, or apical pathology should be present. The literature suggests that some confusion between RP and the GBR technique exists. Therefore, the authors propose a new definition of "ridge preservation": a procedure in which grafting material is placed in the intact alveolus after atraumatic tooth extraction, without flap elevation, to preserve the alveolar ridge, with the final objective of an implant placement in the ideal position.
A related question is the ideal time for implant placement after the RP. Although researchers have found extractions ridges to be substantially filled at 40 days 55 and completely filled at 10 weeks, 55 when biopsies from grafted ridges were compared at 3 and 6 months, 53 no statistically significant difference in the percentage of bone and graft material present was found. The authors believe that 3 months is a reliable healing time for achieving good primary stability of the implant and subsequent osseointegration. Future studies are planned to answer this question.
The literature is conspicuously silent regarding the outcomes of implant rehabilitation after RP. Implants have been placed in sites where RP was undertaken and in control sites, but there is a lack of information about the tridimensional positioning of those implants, as well as how deeply or shallowly the placement was, relative to adjacent teeth. Similarly, the role of implant design, important especially in the anterior esthetic zone, is unexamined.
CONCLUSION
The studies reviewed used different preservation techniques, grafting materials, and healing times, but all of them found less vertical and horizontal ridge contraction at grafted extraction sites than at nongrafted ones. Depending on the graft material and technique, some degree of residual graft was found, as well as new bone formation. The use of membranes seemed to optimize final outcomes. Three months seems to be a sufficient healing time after RP to enable new bone formation that will allow for placement of implants with good primary stability. The studies reviewed did not provide evidence of superiority of one graft material over another. Furthermore, they provided no data regarding the impact of RP on esthetic outcomes or long-term implant outcomes. Such data are still needed.
